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m h <Dm%-^m\-. ^om^y:^^ -mmw.^t fz\i^^^ x rfmuj:mm^m^'£ti\± 
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j^mmijmt. ®#ti> ^(Dmui:^mi,zMvxvi^muyf\^-^-hmMir^<D^mtL^^. 
^mm(Dm^iz\i't(Dmmwsi\izmzx^i!b:)3}p\t'hmM\^x i> tx^^^mmt^z 
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m^WM(^T-i^i}'^7^^fiX\*^^^<Oh^7Lhft^o 

t fz. i^F^^xn. i\zi^-ff:^^y:^^-^^y^~--i^ mM\z <t h ^^^^(o^mt^zm 
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v>o G£ifi5^ /i{±iaMMOTi'{i:«r^i5'9>^iS'--f ^>'l^*--^^^^i^^SE^'fiB|^ 

t # X. tt-c 7t i6 -^ab ^ o 

t ^ - iy.^{±#x. lb tt^ o t o -c ^ iia -e v^o 
#M¥7-5 8 o 8 %^<^m 

m^Xm2 \ #|i¥8- 1 2 0 4 7 0-^<Zrm 
I#W^:i:m3 ] 8-293483 -^^^ 

I#^#fP:fcmi] Jpn.J.Appl.Phys.Vol.41(2002) pp. 4287-4290 
[^«lfl^=«2l Materials Science and Engineering R34(2001) pp. 231-295 
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h 'g^m-h^^ ^ ifi. ^ <o^^ \z\t^-^ y mMifim^ =& < «9 . ^'}yi^ 

ttz. :L(Dif7.c^y7.-S'~^:i-y\£-A\ziL:h^mU.^^M^Ty)\^:^-'^y 9 U y^'x\t^ 
<n>:i-y'f-y^m.i^W^X^tji\^m%i?ib^o tztx.\i. ^mm.^ (Ra) i!>mnmX. Wc 

1 0 nmmm<7)mm^mt ^mmmmm^^mtL X ^ t Lfzm^t,zii^ ^sm^* i 
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-imif^LXy^^^mi^tfz li^^ {± . ^ <^ ^-fr^M fr:: i: ^ if ii A't * vi ^: * L 
[0 0 1 1 1 
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(Oblique Incident Surface Sputtering Effect) tnf-^o 
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At\.x^ ty^t^i 3-^#<o ^ tyitm.! 3xit^ tyi-^^i 4**ibS^m. -Mx. 

A{±. MMl SlcioTjjnil-^tL. t/;?l#*m^l 6 icj; 19 lf-A;{l-'^m$^^'C;^ 
/N- iJ' ^ 1 7 AM^ tL;2, o T.^^ yS^m.! KWif h fifzp^m^W^ 1 8 tcf^J^ 1 9 

#i:$tt-cit*i-i 9(DmMKmM^fi^o m^mmmiif-onMi 9<om'm^^mt-rh^ 

-^jfci^tcji, i}'7>^^'--f Ji->'?:m^t-J: y) ^hTli^\:^i^^^'it-thm^i>^ho 
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mn:ff:^tLXSF6 if7^}le:ff7.tU^Lfzi><Dim\'>. SFe ^T***^ 5 0 di 
'«*Lfc^^7X^'-=&-9-'f X^;<i?<^e-^^ tf *SF6 ^y7^-^:^y}£~A^^^L 
. SFe i>7;^iJ'--r:t->*3 0 kVt::J>JD^ltT. fit^ 1 9 c75^®i::^@(^M#t:^]^ ^ 
BSltL, RBltK-Xi^r, 4X10^Mons/cm2 i: L/^o .TOtfr^oK^^O^M 
i^^M^-F^tim^^ (AFM) =^fflV-Till^L/Co -etL^(^il!l^mt±ll2J'7r:-ro 
i/V=iymm.±K7.^^y3rm^^^l^^^^'^ (Cr) m> fi^ (Pt) 

~v^)y^ (Ni) -mxc=y^)-=iy (s i 02 ) v"J=r>' (s i) mf^-^-tt-r 

tt^rfflv^fco -ett'rtt(7)^^7>««t5'--f :t->tf-AC rm> S i mt::ov^T {± 2 5 iKRBIt* 
m. 3 4 0 nmT*)-o/co '5ri3, C r|gl<^«D»l (fiStttif) O^M«$»±3. 1 iimT-«>* 
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s IMS) ^m^^xnmLfzo -e<^iSS:^> ^w^o^^ i o nmmmtx'L-A->s-i)mxLx\^^ 
mmm 2 ] 

BS|tK-X*^5X 1 0^* i o n s/cm^ t Lf^J^X^li^M^ 1 tm-^^tLX. 

i=^I^^=-P^^m^^«rfflv^Xi8!l^L/^o (Ra) «0. 9 2 nm-C*^^o 

[^Mf^J 3 ] 

m-mmi tmm^j:mu^m\'^. wM:^'^tLXAT:ff:^^m^\ Ar^i^^«^2ooo 

fzo mm F-Xliti, 4 X 1 0 o n s / c ^ Lfzo P.lMmit^<^C r m<^^®m$ 
[|ISSI?I!4] 

^Ktl-^m^=Srfflv*TiM3feL/Co ^Mm^ (Ra) {±0. 4 3 nmX:$>-ofZo 

mmm 5 ] 

--mmtLxmmMm0^9 omtLxmmv. i<^i:#oMitK-xfi(±. 3x10^* 

ions/cm^ i:t. <b t'^-^P^i: L-CMIt:^S 5 =Sr 2 5 J^-CC r MftMlcML 
, ^<^J:iOBB|tK-X»{±. 2 X 1 O^M o n s/cm2 t Lfwo BS*J- F-Xftli^>(!^ 
h LT(i«^J 4h|W!C5X10^Mons/cm2 i:^;2>J:^tCUfCo mM^k<D C r m 
<^Mm$«rlE^F^*P^^^ffiv^-CliI^U/io «Mffi$ (Ra) «0. 4 1 nm-e*o 

[*M^J 6 ] 

9'^>T> KX'^->?./N°i5'-> (.mm^ii^^xm.^<D^^m) ^mh. mi^vx-^T.^ 
Lfzo ^o^k. nmm.mm^^-:^y^-^mKJ^^^^^y^y^^^^^^ (icp-rie 

^3 l±ti^it<7)«*^#3 23&«r^|iS«r^v>t:2plTt-5^J^$tL/c%Ofc^:*o 

-A=^MItb/::*;KMt::*ri-^M#t:^JS^{i8 SlST'^J). |wj^tC7-f >T> F;^'^- 
7. ^ - :^ (Dmm^m km t -c ammnm. e pTb^smtf^^x^ Kmm Ltzo o i: ^ <^ 

Bg|^|,«-XSti, exiO^Mons/cm^fc L^Co MMt^O^ >T > K>5.^-7>/-« 
^->'IIIMii<^3a^«:M^^:^3^mMiCJ: JjiM^UyJio (Ra) {±0. 34 n 

mX^<:>fzo 

m. R?^/N°^->oe:y^li 1 0 //mt LfCo RS^-f > ^ > V^-^m^k 
iSS:iS14>f :*->'-3^':'^>'^^^® (I CP-R I E) ^rfflv^Tv"; 1 0 // m 
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i&3 3<Dmmmm<DWL^^m^mi3mWLmizxy)m^Lfzo 0.m^^ (Ra) tio. 39 

nrnX^-ofZo 
[0 0 15] 

[JtUt^ 1 ] 

mmmi] tm-^n^tL. crm. ptm. si02 m:feit;^s imt-ov^r, m 
U'^me ^mmMiznvxmw.iz\^x-tfirfnzmmhfzo R^itK-xsti. 4x1 0^^ 
i o n s/cm2 i^i^f.^ mMmk<r>^mMnmMm.^^mi'mtimWim'S:m^^xmm\^ 

fflv^TiIiJ5eL/Co -^-O^^ti 1 0 5 0 nmX^^fz^ 

imm 2 ] 

itlRco-f f^>^^a«rfflv^, SFe ^ ^ > tf--^ =Sr^^L^ S Fe W 

>'S:3 0 k VtiMLT. HM^J 1 T-ffl v^Tt TOofft^. C rM. P t S i O2 m 
^aXfS imz:^^'^^ '^m\zi.y)m\^fZo WMY-^m.kt^ 4X l O^M o n s/cm 

<r)^^xm\^Xi>^mMPf^m<7)m.'^ (Ra) nmJil±i:>&of>:o ^pS'fbigk 
m^<O^M\zii\,^hm%mm.-^m'^-t:^fzib\z, S iM4'<^^M®lw3iXLyiS<7):/n-7 

T^;v=^ 2:^-f (SIMS) ^m^^xmm\^fz^ ^(om^. mmt-h^o 

-5 0 nmt-eS^^BALXV^/co 

i^mm 3 ] 

i::^ t 7 - ^ ^ > e- A BB|t ^ -r ;s i t >fc < . case t \±{hU<onm 

(Ra) 14 3. 2 8nm-C*bo7to 

[jtt!^^?fl 4 ] 

%mm & iLify^^'7y^^~^y^y^-J^(omSMM3 1 a frwMi-^.W:^JK^ 9 0;Kt 

Hi Oiil^LfCo (Ra) \t3. 0 3 nm-eabo/^o 

[Jfc^^fll 5 ] 

^<r>^. ■^7.i^^^l/')t3y^^mm\hn^i3:^^XS¥ 9 ^ - :t > 

lf-A=^MMLTJt-y^>i/^^ofc7{i^ ^^OTi*>rt-r^fi?.lt:ftiS^^"'9 OJ^l'^^^i 
^irL/Co CK^i: K-^Sfi. 2 X 1 0 o n s / c t L/Co ClOMI^^ 

ocpQaM7&*?^^^*i^fco ^(om-<omm<^t^m€i^%><^m^^n\z^^y^mu^fz\tih 

SI50M^M03ffl$«:®^ia^J^ifc^t-«t 'jaO^t^^o (Ra) «2. 1 7 nm 

Xhofzo 
[0 0 16] 

ffiiE#2 004-3102464 



#M 2004-072642 



6/ 



10 0 171 ^ 

if^ir'^y^^-^ tyy£--i^ ^ffl v>/cS#:^id <^¥S^k:^^ i: 19 'J) . - <^^§§ J; ^ 

tz^ :ff>^^ y:^^-<Dm.mtLX. 'fk^RlS'll*^*^ S Fe i:'fk^RJS^<^'&v> A r 
5!f ;^ =^ ffl /i^-^-e i mm^j^mmm <btL-cv>scit75-p>. ^ J: ;& 

mm-^K SF6 i^7 7>^S'-i::^LT'fb^R}S14:&^*)^ S i ^'fk^Rj£''ao>5:V^P t 'Srift? 
10 0 18] 

l^'Sr^S'fbli^ h tL-r> jyp?. 7 7> iJ' - ^ > tf- A =1:^ v> i 0^^(^«<414:*^'«-e 

J:S:fr^-e«^M:&^'b4 0-5 0 nmtt?S^^mAL. mL-CV^;5,Ot'MUT. iOfl 
^X\t \ 0 nmJilTL>6-««^L-ri3P,-f. i(^|&§g=lrfflv^& C: i: i o -CSf^^BO^ 

[0 0 19] 

ttBB|tt?tiS iH-ei 0 5 0 xiTiih^'^K-X^^ii^v "f-y ^^X^^if. i Ol&g^ J: ^ 

$ ^ > irm.X^W^m\.ii^%W^ ifitiis-^o C r mX'tilDWm^ 3 . 1 
nm-eMM=^<^S$«:0. 5 nmMtcLT^> -^ViS^fi^^l 0 nmtwit^^&v^o 

[0 0 2 01 

mz.^ |lifei^4i3J:r;^5 «r#M-r^^:JJlTOc:fc*«t>:d^*o ^vvf- 
> If- A t <^^-r:ft =Sr^<k$ii-^7&^^ ^ 9 X - :t V vf- A =SrPSIti-^ ^ t J: o 
•C. ^B#F^-e (RS|tK-Xfi:;^»«/J?^v^:ytST') < ^ i t ^*-C§ ^ c: ^« 

t>;0^'&o ^^c. }^H^mMtif^^y:^^-^^>^--^t<OtiirnB.tVX^--mmt9 

om<ommns.eim\'^. f^-mtLxz 5m<DmMnme^m^^^^tKx^xi^. 
mMmx mm v-xmii!)^yMj:\^>^mx) mmm.^ ^a^^ < -r^ :Lti)^x^^ z-t^^i^^f- 

WCmxZ 0S*^fci-tT-{fJ: <. fiF* L< (i^-SP^-es 0-9 0S^ ^'SP^-e 1 ~ 3 
[0 0 2 11 
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[0 0 2 2] 

5 OK- 9 0)SMOv^-rtL:6*<7):^Kt 1E~3 0K*?iP^<^v^i-*n;{»><^:^Ki:OF^=Sr^llt 
[0 0 2 31 

tL{fj:v^^«. fci 0 0-^1 0 oiiiiy._iii:-t^<^7&^^*fi*/-eab^o u^rmMnme 

i-:ho %Mm5X'itiS}m<omMm.^Tb^R Si i^^^) =3. Inm-e^Os Rmax (t? 
-i^-^fit) {±^3 0 nm5gK-e*>;|)o itL^^S>fbLTRa = 0. 4 1 nm, Rm 3X75^4 

55^:^]^=^^^ -^^^^^^t^^^ l-"^^^^- ^sa*fi'{4~3 0JK@E<7):^JS^*^r#oTv^;&^ tT&s 

X MM x^x^mt Lfzm^. mmKitA (i sk+s om) -cR^w^tt-rv^-s'^it^^ 
m^-r^^tKx^ 3 om (i5^+i5jK) k^j:^(dx. ^mtn^^^±-^^^ t^^h 

ftho ^ife^J5 0J^^t?fiR a'Sr^^^M (1.5nm) \Z'f:h^t\zXoX±.T^<Oiim 
\zXi>'^<Ohm^hfi^:h {Mmz\t\>Xr<ommzii^^5i-tX-SL^W:^j:^-'i:.^^^f^^) o 

10 0 2 41 

9-Aif^yyfi-J^(r>WM\-^i^'0^m'ct^^^if'%'^^kmzm^ t> ffl$*Vh$v>^>(7)=g: 
±fBO|EH ( ^ n Sz^fz'h'^^^ii^ 1 5 jKJSLTgJK) \zX^^t Hi^^f-m^fi^ if-h-Q^^ 
[0 0 2 51 

m~WLmkzo\i^x\tn-^^h%~^ni:^<r>±^<D^mnf^<r>m\ o%mjio^w'Sr^ 
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Jiilfi'^^Mt-'^ I? ^ of ij 3 . lnm-lnm=2. 1 nmt::>[tL-Cl n m- 0. 4nm 
= 0. nm-Qh^if-h. ^MBtP^tO 2 0 %m±<^^I!fl«r^-^PIfl::|5^i--2>'£^M***> . 

[0 0 2 6] 

• tiii^L/i<tdlc, i(;o^§§liJ:^{fFIit:^JS^ ^3 0JS*m<7:)-^'lli:i-^m'^> 2^ 

|gI3 tC^I-J; ^ ir, 8 li|ll©tt2 1 Hi i5@^^2 2 a. 2 2 b^l^iieS 

^ll5l'5#lte)tL, -=6-^ 2 3 0llte|[i(7)ilfe75»^il^iia$2 4 a> 2 4 b 'Sr^^hL-Clil^l* 
2 UC-fSB^tLiSo Iiltett2 1 i:@^^2 2 aWH. ^-^^^l 8<^>I1I^:^K> >9 

1 8 tc:^ 19 #tt b tLfc^^ 1 9 (DW^m\M t'^-r ;i.:^;^^9>^^--f:t>if 
-A<^R?lt:^«^ ^r'-f viJ';V'litt t-c^tmi-^:ftJS^tffi^2 5(7)ji>3-^>K2 5 a;6« 

^^fi5 2 6 <Dm^n&mm2 e aica^$tL;5,o 

[0 0 2 7] 

^^^2 7 4'<7)-=&- F^^t!5 2 7 a '^^<^LT@^^- K^iS^L. :^Jgl^^§|5 2 7 b 

^wi'^Lxumt't^mMn^e p =^A:tJi-^ i:^^gi52 6 ^(D^- vm^2 6 b 

- KHi^i; r2^pgj Ti^a^^tL. m«0<^i£^:ft;S^ p l:*-*l£^^ffi'Hlit2 6 c i^. 2 HI 

^(o^^i^me p 2 *«ig5g^jg«j^ 2 6 diz^fi-^fim^^fi. mmm2 sKxy)mm<D 
e p 2 k^j:^ x^K^-^s' 2 s^mwimm^fi^o 

[0 0 2 8] 

mmmt^- v^wl^x:)3L. -^mt L-c2iii^pii:^p2 ^n'^xti-r^t^ •=&- 

K^Utt:: r^il^'fbJ 2M<Dm^nm0 d 1 t 6 p 2if^W^M^mMl.2 6 c 

t 2 6 d K^M'ftmy^^fi. W^U2 8 ICi I5 H8tt:^JS ^ ;{>^i tLf, 2 oo^^^jg ^ p 

[0 0 2 9] 
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j^y^>ifM) **/h$v^:tr5&«at Lv>;6^c> -cab's o 
[0 0 3 0] 

, tt»* }f<D^m^i^K X y) ^5e-r*<^**J: iokv~45k Ymm<Dmmx-mMir 

{i la^ t fz {± i!i^<7)>liijg^® (^31 $ o:^ § $ fi:^ ^ v> ^ t jS-'t? ^ o Jt 4 ^ 
Jtic^J 5 Lfc 9 ^ - ^ :r > If - A HB|t=^ffl v^T ^) . ^(T^WM'hWfi^^i^ L 
/cv^^ffiiciiit, -r=&t>t>¥ii'fl:L/cv^^M (IHl^^7t}±dh§K1liJM^M) hc^mM-h^e 

5I^<^II»J6 0J:^ lc5pjtH<bLf^v^^Mtc7)He|t^ffi^ p =1: 0 ;g J: >9 < 3 0 J: i9 

tji}^\z^^m-^^hz.hift>'b-^o nmutfzii&ummmmii.^mznLrmw.'m 

6 p^M^&iKmt^'t. ttzitmmm5(DMme p«r^x.^2^Mlt-C<t «53§!l^6«J* 
[0 0 3 1] 

[0 0 3 2] 

[114] una^N-ij'-v ^ fifzmi^M'm <Dm ^ ^-r "e * ^ o 

[115] iHiia^N'^->36«?^^$tL7t®#^M<^'ft&o^^^f ^tail-e^;i)o 
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